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SUMYARY

The encineerlng theory of Incomplete diagonal tension in plane

webs presented in NACA TN No. 13_54 is genel-alized in order to make

it applicable to curved webs. Comp:_risons are given between
calculated _d experimental resul+.s for a u_nber of sgiffened cylinders

subjected to torsional loads. The :_su!ts in(licate that the theory
predicts the stresses to about the ssme accuracy for curved webs

as for plane webs. The failing stresses in the stringers Jn curved
webs _ere p_odicted conservatively in all cases.

I_rRODUCTION

-¥
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Aeronautical practice in the design of stiffene(! sheet-metal

structures ims long been to permit buckling of the sheet except for

such restrictions as may be i1_\wosedby aerodjn_nic considerations.

When the sheet is subjected essentially to shear forces, the state

of stress _hat exists after buckling has taken place is k_own as

diagonal tension. The theory of diagonal tension in plsne (C]at)
webs was developed in considerable detail by Wac_aer (reference l)

fol_ the the01_etical l_miting case of fully developed diagonal tension.

For the practical and more general case of partly developed plane

diagonal tension, theorL_.esof varying scope and refinement have been

given by a number of authors. The e1_gineering tl_eo_y of incomplete

plane dis gon(%l tension given in reference 2 is semiempirical but
is simple to use and has a wide scope.

A theory of diagonal tension in cu_ed webs has also been given

by Wagner, 8g_ain for the theoretical li_ting ca_:e of fully developed
di8goDal tone,ion (reference 3). Because the curvature introduces

several complications, _$agner was forced to make more restrictive

assumptions in the theoi_y of curved webs than in the theory of plane

webs. These additional complications }_ave greatly retarded the

development of a theory of incomplete curved diagonal tension. The

first attempt to develop such a theory _:rasmade by Wagner in reference 3,
where he suggested the assumption that the shear sti'eSS in excess of
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the critical value Vcr is carried by diagonal tension. The resultir_
theory is knownto be unsatisfactory for plane sheet and consequently
is inacceptable as basis of a general theory. Schapitz proposed
a semiempirical theory (reference 4) but did not furnish the empirical
data required to develop it. His theory is also based on an assum:_tion
essentially equivalent to that of reference 3, although Schapitz states
in passing that a different physicsl action is quite conceivable.

In the present paper, a semiempirical engineering theory of curved
diagonal tension is obtained by generalizing the theory of plane diagonal
tension presented in reference 2.
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spacing of rings, inches

spacing of stringers, inches

diaconal-tension factor

shear flow, pounds per inch

thickness, inches (without subscript s_gnifies thickness of

web)

cross sectional area, square inches

flexural stiffness of panel per ,l_it length " "2(---- '

inch-pounds

Youngts modulus of elastici5y, ksi

radius of curvature, inches

curvature parameter h<_t/ i - _2

whichever _s smaller of h or

angle of diagonal tension, dcgrGes

normal strain

Poisson_s rat_o

or •
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(Use
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Sub script s : "

all aS.lowable

cr . critical

e effective

max maximt_

DT diagonal tension

PDT pure diagonal tension

RG ring

S shear

ST stringcr

Special Combi_natioos:

ks

_0

*all

norm21 stress, ksl

shear stress, ksi

radius of g_ration of cro_s _ection, inchas

correction factor for allowable shear stress

,critical._hear_-stress coefficient, established by geometry
of panel and t_e of eOge sup_,ort

"basic" _!]ow_ble compressive stress for forced crippling

of _tiffeners (valid for stresses below ?ropor_ional limit
of materia!)., ksi

"basic" a.!lowable shear stress, ksi
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ENGINEERI_IG THEORY OF CURVED DIAGONAL TENSION

State of Stress before Buckling of Sheet and

Calculation of Buckling St_'ess

_len a stiffened cylinder is subjected to torque loads awplied

at th_ ends of the cylinder, a t_nifo_, she_r flow q is g_nerated

in the sheet (except neur the ends). No stresses exist in the

stlffoners or rings until the sheet begins to buc]dn.

According to reference 5, the stress _t _hich the sheet buckles

_s given, if h is s_mller than d, by the fort_la

T ks _D

th _

I_Z ?

(i)

If d is s.._aller than h, then d replaces h in the form_&la.

The coefficient k s is given in fig_n"e 1 as a ftulction of Z. This

theoretical formul_:_ asstmles that the edges of th_ ;anol are simply

supported, whereas actually the ed_¢s o_ panels are riveted to

exper .._en.a]lystiffeners or rings. }_owever, the _greemen_: between _. i

observed buckling stresses and stresses predicted by formula (1) is

good, as shown in re,'_erenco 5 _.nd again ¢onfi_d by the tests made

in the present investigation. Fe_mn_la (1) was therefore used to

evaluate the tests to be described subsequently herein and is

recommended for use in stress s.nalysis, A reduction factor might

be necessary when the thickness of the stiffener (or the ring) is

appreciably less than the thickn_:ss of the sheet. For flat sheet,

such a reduction f_ctor was given in reference ?. For sheet with

appreciable curvature_ the reduction appears to be less than that for

flat sheet, but the available data are insufficient to war_cnt even

tentative recommendstlons for a reduction factor. A substantial

reduction factor is probably necessary when the s._eei is very thin

(t < 0.020 in.).
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State of Stress after Buckling of Sheet

_Then the torque increases beyond the magnitude that produces

a shear stress equal to Tcr in the sheet, the shoot buckles and

begins to carry the slmar flow partly in diagonal tension. This

action produces compressive forces in the stringers and in the rings,

: and the correspondin_ stress systemmay be considered as the primary

stress system in the twisted cyllnd_T_ The stiffeners, and to a

lesser extent the rings, are also subjected to bonding loads; the

stresses caused by these bending actions may be considered as a

secondary stress system and will not be treated in this paper.
Deviations of the sheet stress from a uniform average stress might

also be classified as belonging to the secondary stress system.

The engineering theory of plane diagonal tension given in

reference _ is based on the assumption that the shear flow q acting

on the sheet can be divided into h diagonal-tension part qDT and

a shear part qE by writing

qs = (i -

1

The fraotlon k specifies the de_ee to which the diagonal tension

is developed; when k = O, there is no diagonal-tenslon action,

only shear action in the sheet; when k = i, the diagonal tension

is fully developed and the laws of pure diagonal tension apply.
: Th_ compressive forces in the stringers an& rings are caused by the

diagonal-tension component kq of the total shear flow q.

The value of k is given by the empirical form_a

k = tan h .5 + 30 • logl0

When R--> _ the formula reduces to that given in reference 2 for

plane diagonal tension. When the value of the constant. 300_d_ h_B

been computed, the value of k for a_y d0sired value of T/Tcr may

be read from figure 2j which is a Graphical presentation of formula (3).

. , ,
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According to the theory of reference 2, the stress in a stringer

is given by

- k'r cot a,
_ST ='- AST

--- + o.9(1- k)
ht

(4)

and the Stress in a r_ng by

_RG" _ g

kTtan m _

hr.:
+ o.5(_.- k)

dt

(_)

For conv6nience, the minus signs on _ST and _RG will be omitted

_n this paper. In stres_ analysis, they must be retained to ensure

the proper combination of hhese stresses with others not arising from

diagonal-tension action.

. For pleme diagonal tension, the theoretical calc_ations ma_ by
Levy and his coll_orators and discussed in reference 2 show that

t_ compressive stress _ a stiffener is not unifo_ but has a

minimtm_v_._ at the ends of the stiffener and a maxS._value in

t_ midge. The maximum value is used to estimate the resistance of

t_stlffener to forced crippling induced by the shear buc]_esin

bhe s_et. For ctu_ve&diagon_.-tension fields, t_mximumstressss
may he estimated by means of the form_as

(:q

f

where the values of GST and qRG are those obtained from formulas (4)

and (5), respectiw_].y, and the ratios : _-L_-_a_ and. _ are

..... O'ST , _RG
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obtained from figure 3, which is figure l0 of reference 2. The
theoretical calculations on which fi_e B S.sbased _zeremadefor
plane beamsin which the ratio of flange area to web area is very ls.rge.
This condition is generally not fulfilled for cylinders; the accuracy
of the results obbained whenfigare 3 is used for cylinders may
therefore be expected to be less than when it is use(l for plane
be_mmwebs.

The angle _ between a generatrix of the cylinder and tl_e

direction of the diagonal tense.on is given by the formula

2 6 -_ST
tan_ = -- ........

qk _,R]

where c is the strain in the sheet along the direction of the .alagor_al

tension, CST = --_ is the strain in She stringer, and _EG = _"_ is
E E

the strain in the ring. The strain _ in the sheet is given by the
formula

F- -1

T I- .t:t - k) += - + sin 2_ (i

E hsin 2m J

which can be evaluated with the aid of figure 4. (Note that cST

and _RG are inherently negative when they arise from the stresses

aST and aRG given in formulas (4) aud (5).)

Fornlttlas(4), (5), and (7) are analogous to the corresponding

formulas for plane diagonal tension. Formula (6) differs from the

co?-responding for_mla for plane diagonal tension by the term containing 2,

which disappears for flat sheet. This term constitutes an allowance for

the fact th.mt the circul8.r cylinder after buckling tends to approach

a polygonel cylinder, the sheet pulling flat from strin6er to stl_inger

(reference 3). The coefficient 1/24 is the theo_'etical coefficient

for f_ll_ developed diagonal tension. Theoretica]_lsr, the coefficient

should be less than 1/24 until the ratio of applied load to buckling
load approaches infinity. Test observations indicated, ho_.rever,the.t

the flatbenlng proceeds very rapidly, and trial calculations showed

that the best agreement _,riththe +,est data was obtained by using the
full value of the coefficient. The use of the ft,3_lvalue of the
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coefficient _nedffately after buckling is also supported qualitatively
by the test observatlon_ contained in reference 6_ that the _henr
strain of a curved sheet panel generally sho_zsa largo instantaneous
increase whenbuckling takes place.

Because formulas (4) to (7_ a'_e interdependent, they must ])e
solved by successive approximation. A value of _ is e_timated_

o (5),¢ST and _RG are calculated from formuJ.a_ (4),

resulting values are used to calculate an i-_L_r,')ve,_value of _ by means

_f formula (_)_ the process is tepee,ted until the ca].culated value

of m is sufficiently close to theas,_tur_,d v_lue. Nor_mlly_ no
more than three cycles cf the computation are necessary.

A first esbimate of the an_gle m may be made by moans of the
formula

(8)

with c_D T taken from fig_tre 3 and the ratio a, from fig_u'e 6.
" e:_rjl ,

The _ng3._ _PDT is the inclination that the folds _,_o_.dtake at _he

given load if fhe sheet were in a state of pt_re diagonal tonslon, a
condition that could be realized theoretically if the sheet were

divided into a large number Of laminae free to slide over each other.
(Such a division wo_ld destroy the bendlng"stiffnoss of th_ sh_c_t

without affecting the extonsior_l stiffness.) The curve sho_._nin

fi_e 5 was obtained by solving a transeendem_:_l eq;_mlion for c_£iy_

t_at can be obtained from equations (4) to (7) on the asst_mpi;ionthat

the stiffening ratios AST_t an@. ARC/dr are equal. In practice,

these ratios will probably not be equal, but the c_rve may be t_se_ to
obtain a f_rst app-_oxim_tion. Th.:_curve shown _n £i6"0re o is computed

for one specific cylinder in which both stiffening rati.os are equal
to unity. This curve lies about _n the middle of a scatter band for_d

by the curves for a number of cylinders w.ithffnthe practical range of

proportions. For the cylinders and ourvecl-_eb bea_,_ c.nalyzed in the

exporlz_ntal part of the present invostigation_ the az_gle _ esti_ai:ed
by me_us of formula (8) differed fro_._ the anglo calculated by st_c_essive

approximation by less th_ 2° in most ca,'_es/with a ::_eximt_difference
of about 3° .
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Ultimate Strength of Sheet

The ultimate strength of ttle sheet can be esti,.._ted, by means of
the empirlc_d formula ,,.. . .....

/ "" . i

whore T ",'_
all

for 24_-T aluminum alloy, and

• ARG A_ . _ ,:-
" . '....i=o.3 .,.o.i .

T_I = _;_all(o.6!_+ _) . (9)

i,_a "basic" allowable shear stress_ taken from figure 7

(lO)

'- The v._lue of /_"can b_ Obtained i_rom tlle _aph in figure 8.

•' _ _ The chart for .r_,_-ali(fig. 7) was constructed e.s follows: The

" top curve for c_pDT = 450 is the empirical cm_vo for flat sheet and was

".': ": taken from figure J4(a) o_ reference 2. Values of T * for fully
._. _, '" all "

" ':developed. _d.iagork_ltension (k 1 ) were comnuted for various •values

..... of ¢_DT on the basis of the ftuldmmentel formula for sheet tensile

stress .-. ..

-. O T

sin 2mpDT

(ll)

The curve of T* all against k was then constrhctod for each value

of '_PDT 'on the assumption that the difference bet_een the curye sought

and the curve for _T!Yf = 45o was proportS.onal to k. Equation (10)

for the correction factor _ is an emp_.rlcal expression based on an
analysis of the available .test data.

Ultimate Strength of Stringers ..-

Reference 2 lists fern" conceivable types of stiffener failures
in plane shear _r_bs as follows:



I0

(i) ColumnfailILre
(2) Forced-crippling failure
(3) Nattubalcrippling failure
(_) General elastic instability of entire system

T No. I 81

The same types of failure are conceivable in curved shear webs. In

curved webs, the stiffening System Is probably always located on the
inside of the curve; the following discussion is therefore confined to

single stringers and rings.

Column failure.- Column failure may be expected to take place

when the stringer_tress %T equals the column-failing stress of the

stringer section as determined for a slenderness ratio of d/2o. This

rule given in reference 2 for plane webs Is cons!stont with the .

consideration'that the stringers in curved webs will probably tend to
buckle inward as a result of the radial force exerted by the diagonal

tension, and the bracing action exerted by a plane web (reference 2)
is then absent; on thQ other l_and, the stringers are usually continuous

over several bays and may, therefore, be considered as fixed at each

ring. (When the stringer is not continuous, as in an end bay, an
appropriate reduction mnst, of course, be made in the allowable stress.)

Moore and Wescoat suggest in reference 7 that the allowable stress be
taken as that obtained by testing the stringer flat-ended, with a length

equal to the ring spacing. Carefully made flat-end tests are known to

give restraint coefficients of 3.75 or somewhat higher. Therule of
Moore and _escoat is therefore sli_itly more conzervative than that Just

given, which implies a restraint coefficient of 4.0, but the difference
is well within the probable scatter limits of diagonal-tension tests;
the direct use of test data implied by the rule also ensures that twisting

failt_e of the stringers is taken into account, a factor that mightbe

overlooked when col_nun cu2ves are used.

Forced-crlp_ing failure.- Failure of a stringer initiated by
force_i_Inay be expected to take place when the maximum stringer

stress %Tma x becomes equal to the all_;able stress given by the

empirical formula

% = 28k t_
(12)

If _ exceeds the proportional limit, the compressive stress corre-

sponding to the strain _o/E should be used as allowable value.

If k < 0.5, an effective value defined by

i[

ke = 0.15 + 0.7 k (13)
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shou].d be used in formula (12). Because the allowable stress is a

ftmction of the ]oa_, the predicted failing load must be obtained as

the point of intersection of the ct,_vc of stringer Stress _S_.&x against

load a_d the curve of allowable stringer stress _o against load.

All of these formulae for forced crippling are taken directly from

reference 2.

Natural-.cripp!__inJ failure_.- The term "natural-crippling failure"
18 used herein to denote a fail,,re of the stif?ener caused by compressive "

stresses alone. Failure by forced crippling prob_},blyalways takes

place before failure by natural crippling can occur., but the existing

knowledge is too limited to permit a positive statement on this question.

General elastic instabi!it_.-An emp_rlcal formula for general
elastic instability was given recently in reference 8.

Ultimate Strength of Rings

Only a few rin_ failures were observed in the avai!ablo tests,

and they were definitely seconds.ry failures; consequently_ no procedure

for strength _nalysis can be recommended at Drcsent. The following

sug_eetions may be _mde :

(i) Rings rivote& to the skin are susceptible to forced crippling

and should be checked by formula (!_).

(2) Rings notched out to pass the stringers throu_ should be"
checked to insure that the net section of the notch is safe against

local crippling. (The net section must esrry the entire coT_pressive

force acting in the ring and has therefore a much higher stress thai the
full section of the ring.)

EXPERIMENTAL INVESTIGATION

Test Specimens

The test s_ecin_ns consisted of eight 30-inqh-diameter cylinders
of 24S-T alumimun alloy, reinforced transversely by rings _ud longi-

tudinally by 12 equally spaced stringers. Double stringers were used
on these cylinders in order that stringer bending stresses m_ght be

elindnated by suitable averaging of the strain readings. Detailed

dimensions of the cylinders are given in table l, an& pertinent details
of construction are shown in figures 9 and lO.
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Additional test data were obtained from references 7 and 9 and from
_ulpublished NACAdata.

Test Procedure

Each cylinder was secured at one end to a rigid support while
torque was applied at t_e other end through a steel frame loaded by a
hydra_Allc Jack. In order to instu_ uniform distribution of the load,
a lar._e circular steel head was attached to the loaded end of the
cylinders. The woi_it of this steel head was counterbalanced so that
the cylinders were not subjected to bending loads.

Stringer stresses were computedfrom _asur_me_s with Baldwin-
Southwark 8_--4 resistance-type wire strain gages, types A--l, A-5, _nd A-12,
with gage lengths of 13/16, i/2, and 1 inch, respectively. All gages
were used in pairs, one _age on the outer Tlange of each component
stringer, in order to eliminate (or minimize) the effect_ of local
bending. A fairly la_ge numberof gagez (an _verago of 58 per cyllnde_
were used at a n_nber of stations over several bays so that a reasonable
approximation to the average stringer stress would,be obtained. Ring
stresses were computedfrom measurementswith _-4 gages, typosA-&
and A-12, applied to the ring web at the me.anradius llne o_ the ring.

Cylinder 7 was accidentally loaded before any gage readings were
recorded to a point where szzll buckles appeared in the skin. As
indicated In reference lO, the value of the buckling stress T wascr
probably reduced a small amoun$(approximately 5 percent or less) by
this preloading.

Cylinder ]. was loaded by a torsion Jig that was 2o_Lndto have
insufficient throw and started to bind at about 95 percent of the
ultimate load. For the remaining tests, a new Jig was used_

Results of Strain Measurements

Figure ii shewsthe stringer stresses obtained from the strains
measuredon the 8 cylinders of the present Invest_cation as well as the
stresses computedby meansof the proposed engineering theory. As
mentioned in the section "Test Procedure", strains were measuredby
pairs of gages at about 29 stations in each cylinder. The average
strain in any one pair of gages, multiplied by Young's mod_us,
represents the compressive stress in the stringer at that stationj subject,
howeVer_to errors introduced by local buckling of the stringer. The
lowest and the highest w_lues of this stress for each cyllnder are
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indicated by the tick marks terminating the horizontal line drawn for

each load. The ovo'._-allaverage (that is, the average for all 29 stations)
is indicated by a c_rcle. The agreement between the computed craves

and the circles Is consistently very close for the cylinders with

square skin panels (&= _); for the cylinders w.!th long skin p,_'_els

(d = R), the a_oeeu_nt is not so consistent_ althou_h reasonably _

satisfactory excol_t on cylln&er 5, Tile horizon_,_allines with their tick

marks sho_ that in.lividual stresses can differ _reatly from the average

value as the combined remtlt of variation of conlpressive force along the

length of the stringer, secondary bending, and local buckling.

The ring stresses meastu'ed on the eight cylinders are shown in

figure 12. _s mentioned previously, the st;-ain gap[es were attached to

the webs of the rings at the moan radius. Because the neutral axis

does not coincide with the mean :radius, and beco,uso the total mnnber of
gages used on the rings was rela_;ively mnall, the measured ring stresses

can be considered only, as a rou_ _:pproximatien to the average compressive
ring stress.

Stringer 'stbesses for the cylinders tested by Moore and Wescoat
(reference 7) are s}Lc_1 in fi(._re 13. These cyJ.inders had proportions

similar to the,s_, of the cylinders tested in the present investigation;
themain d!,ffore:::co _as that single stringers of inverted _--section

_ cy.!indei')instead of double stringerswere used (on tho ou,_si._].eof the

The number of stroin gages used _n the tests of reference 7 was much

smaller than in the present investigation. Yn addition, it must be

remembered that rigid,body strain gages, such as the _2nittemore gages

used by Moo.re an_,W,:;scoaton specimens 20 and el, measure not only

the compressive strsln but also the geometric s_orbening between gage
points induced b_-bending deflection Of the stringers. In vlewof

these facts, the agreement between cgmpute d and measured stresses may
be conslde.Yed sat.is.,actory. • ,

Comparison of fi_,mu_s iI to 13 w._th figure 17 of reference _ indicates

that the a_reement between measured and calculated stiffener stresses is

of the same ordsr on cylindez_s,as on plane-web systems.

Ultimate Strength of Sheet ::

" Before, tl_e experimental evidence on the ulttn_te _streng_h of
sheets can b_, presented, the design, cJ_ar_ of figure 7 requires some
discussion.

. As exD..l_me& in the presentation of figure 7, the ch_;rt is derived

from,an empirical C_.rve for flat she.sttaken from refer2nce 9. Inspection
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of the relevant fign_es in reference 9 will show that two curves are

given for each mateu:ial, one for webs on which the rivet heads bear

directly on the sheet and one for webs on which the rivet heads are

separated from the sheet by heavy washers or by one leg of the flange

angle. The curve for the first condition is about lO percent lower

than that for the second condition and was used as basis for deriving

the curves of T-all in fissure 7, because the most co_on use of
c_u_ved _.rebsis on the outside of the aircraft structure where no washers

would normally be used _nqder the rivet heads. In all but one of the

available testsj however, the second condition prevailed. In the cylinders
used in the present investigation, the skin Joints we_ underneath the

double stringers shown in fi_mre lO; in the curved-web beams described

in reference 9, the edge of the web was sandwiched between the flange

angle and a strap of aluminum alloy. Consequently, the test results
were not evaluated on the basis of the chart given in figure 7, but on

the basis of a similar chart derived from the appropriate (upper) curve

for flat sheet given in reference 2.

The experimental data examined included the results from the present
investigation and from r_for_nces 7 and 9, some unpublished data on

beams similar to those of reference 9 except that the rings were flat

bars instead of formed Z-sections, and unpublished tests on two cylinders

of l_-inch diameter. The construction of these two cylinders was such

that the chal-t of figure 7 was applicable.

The &qta on the web failures experienced in the present investl-

gation are given in table 2. (Predicted fail.ins torques have been

corrected to actual sheet properties.) If cylinder 1 is disregarded,

the average ratio of actual to predicted strength is about 1.05, with
a scatter of about +_0.04. Since the indicated failing load on cylinder 1

was in error due to binding of the loading Jig, the actual failing
load was _doubtedly higher than the indicated one, although it is

questionable _hether the error was as large as lO percent. It is possible,

therefore, that the strength prediction would have been somewhat

unconservative compared with the true ultimate strength.

On one of the 15-inch cylinders a web failure was experienced with

a ratio of actual torque to predicted torque of 1.03.

For ii web failures on beams such as those describe_ in reference 9,

the average ratio of actual to predicted strength was about 1.05, with
a scatter of about +-0.08. The scatter band for the beam tests is

therefore twice as wide as for the present cylinder tests.

For the tests on plane-web beams discussed in reference 2, the

ratio of actual to predicted strength was about 1.07 +0.06; the

accuracy of strenst1_ prediction is therefore about the same for

curved and for plane webs.
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Not included in the analysis were two tests (one: l_-Inch cyl_nder
and cylinder 15 of refer_nc_ 7) in which sheet fai!urc t._okplace in an
end ba_._r Tests of bea_ _Ith plane webs indicate th:r5 it i_s verydifficult
to realize more than about 90 percent of the web str_ncth unless the
end bays are re_nforced by doubler sheets, and muchless maybe realized
unless th_ end uprights are very carefully proport._oned,_ In cylinder 19
of reference 7, only 63 percent of the predicted strength w_s realized
as a result of sheet failure in the end bay (table 2). _e introduction
of a torque into the end of _ c_linder probably requ_.u_ a _oubler sheet
if tho full strength of the chest is to be rea!Izod.

Ultimate St_-ength of _rin_ors

Table 9 gives ult._mate torques predicted on the ass_mption t_mt
the stringers fail either by forced crippling or by col_mmaction.
ComTar_sonof the predicted w_tl_ the actuel faili_ tor D_es, also
given _n the table, showGthat t_e sti-eng_chprodiction_ _rer_ always
conservative. The ratio of actual to predicted strength ranges from 1.06
to 1.89 for the eyl_nders in which the stringsrs fai!(_#. For a largo
nttmber of t_sts on plane _ebs (reference 2), the _ve?.ageratio was 1.2,
mudonly in a very few tests wa_ the ratio 1.4 exoeedod appreciably,

Table _ shows thrs_ test:_ out of seven w__th a ratio ap_recleb!y larger

than 1.4. This result Indicates either that the pred,=ted maximum

stringer stresses in curved webs ar_ too hi_ or that the allowable

stresses are hitcher than _n plane web systems.

In passing, it may be noted th_,t for a_l the cyl_nders in tabl_ 2
the calcu3.at__ons predicted correctly whethe_ _ the failure would be

stringer or sheet failure.

Checks for general elastic instabil_t_z by the met_-d of refers.

ence 8 showed that the cylinders of the present inve_tJgatlon h_S

extremely large _mrgins against failu_'e of this type. l:or the

cyl_-nders of reference 7, the margins were a_llo_,, but still pos_tlve,
with a minimum margin of about 20 percent.

CONCYJJS!ONg

An engineering theory of (incomplete) curved diagonal tension,

obtained by genorallzing a previously published theory of plane diagonal
tension, is presented togetl_er with pertinent test data. Analysis of

the test data by the proposed theory _nd_cates that, for curved webs,
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!. The (primary)compressive stresses In the stiffeners and rings

were computed by the theory with about the same accuracy as for plane
webs.

2. The failing stresses of the sheet were predicted wlth about

the same acmu_acy as for plane webs.

3. _i6 fail_ng stresses of the s_ringers were prod_.cted

conservatively in all cases, more conservatively and with more

sca_ter than for plane webs.

Langley Memorial Aeronautical Y_boratory
National Advisory Committoe for Aeronautics

langley Field, Va., August 15, 1947
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